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I. GiIVRAL

An objective analysis using normal mode functions evaluated at

irregularly spaced locations was designed and developed to provide Initial

fields for the AFL global spectral model. The software for full forecast

and analysis cycles was implemented on the Air Force Weapons Laboratory

(AFWL) Cray-1 system. The objective of this user manual is to provide an

overview of the flow, input requirements, and output capabilities of the

objective analysis scheme. Technical details are discussed in Halberstam

et a., 1984. 
( 1)

1. IHalberstam, H., C. Johnson, D. C. Norquist, S.-L. Tung, 1984: Two
Methods of Global Data Assimilation. AFGL-TR-84-0260, Contract F19628-82-
C-0023, Systems and Applied Sciences Corporation.
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11. SYSTEM FLOWCHART

1. System procedures for each analysis cycle without Iteration:

GUM FORERCEASIT

NUHF PREPROCESSING
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2. System procedures with three iterations for each analysis cycle:

FORECAST

GM NO EL

-4 -
rOSTPTZKIqCO11 C2PPOSTPTZ

MW PREPROCESSING
C3ASAPRRS

I
CUMPRO

MW PREPROCESSING
r - - - - - - - - - - -

REIGCOK

C6DIXRXPNO CRJW

C7DIXAffL

C8GRIDF
ITEShTIONS

I
C9SBSPDA OF

C
a(:; 

YCLE

GNK

1C1lPOSTPTZJ

F M2RPOSTP
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III. DOCUMENTATION OF SEQUENTIAL MAIN PROGRAMS

All the programs developed for the analysis cycle are documented in

this section. This documentation is written in the following form for each

program:
..

PROGRAM: (Program name)

ABSTRACT: (Abstract of the program)

MAIN SUBROUTINE: (Name of main subroutine or calling subroutine

of the program)

SUBROUTINES CALLED: (Name of subroutine used in the program)

INPUT FILES: (Structure and variables for input files in this

program)

OUTPUT FILES: (Structure and variables for output files in the

program)

DESCRIPTION OF MAIN SUBROUTINE: (Detail of the coding)

8
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PROGRAM: C2POSTPTZ
ClPOSTPTZ

ABSTRACT: These programs are set up to process the
spectral data from the forecast model to

form a first guess grid field for input to

program C8GRIDF to reconstruct a new
analyzed field. The temperature field is
converted to height field by using Sela's
method.

MAIN SUBROUTINE: FIELDC(C2POSTPTZ)--input formatted spectral
data (coded form)

FIELDB(CIIPOSTPTZ)--input unformatted
spectral data

(binary form)

SUBROUTINES CALLED: LEGSUM
FFT1
PMNS
BSCST
SPTOGP
UMVK
SINKC

INPUT FILES:

1. FORTRAN UNIT 1 - 12 hour forecast spectral coefficients

Record # Description

1 NSTEPTIME, ITIKE, IDATE
FORMAT(I5,F22,A4,A8), if formatted

2 ZMN2(KS,IS,KP) = Vorticity

3 DMN2(MS,NS,KP) = Divergence

4 TMN2(MS,NS,KP) = Temperature

5 WNN2(NS,NS,KP) = Specific humidity

6 QNN2(MS,US) = Surface pressure

7 GMN2(MS,NS) = Surface geopotential

FORMAT(4(IPE20.13)), if formatted

for record 2 to 7

9

I,.• " °" * ' °°' .t ° . .. ...* . * %*
o

% * * * *. 
"°

*-
"

*~° " 
"

°. l.. * . .. " ' • - .• - •



OUTPUT FILES:

1. FORTRAN UNIT 2 - First guess grid field

Record # Description

1 to (ELAT*NHEM) WTR(NP) = Surface pressure

(NLAT*NHEH+l) to (KP*3+l*NLAT*NHEM) WTR(HP) = Written in sets of 3 (U,
NLAT=Total number of latitudes V, and heights) for each sigma
NHEM=Total number of hemispheres layer

KP=Total number of sigma layers NP = Total number of longitudes

• "DESCRIPTION OF MAIN SUBROUTINES:

Designators Text

CA Call BSCST to set up constants, resolutions

and sigma structure.
Call CFFTI to set up Fourier transformation,
the dimension of WSAVE is MP*4+15.

CB Read in the 12 hours forecast spectral data.

CC Calculate geopotential by using Sela's
hydrostatic equations.

CD Start Loop (DO 6000) over number of
latitudes to transform dependent variables
from spectral (spherical harmonic) space to

grid space.

Call SIGNMC to reset the data from AFGL
sigma structure (K=l for top), to NMC sigma
structure (K=l for bottom).

CE Reset the data structure for output file
(tape 2).

1.%10



PROGRAM: C4RFMPRO

ABSTRACT: This program is designed to reform the residuals file and

observations file from the output of program C3ASAPRES.

Both temperature residuals and temperature observation

profiles are converted to height residuals and height

profiles by using the method of Sela (1982).(2)

Zero residuals are filled in where data are missing. The

sounding is rejected if the data from all layers are

missing. The update surface pressures are computed by

using a quadratic relationship.
(I ) Four corners method

is used to insert the first guess for data-void area.(1)

MAIN SUBROUTINE: RFMZERO

SUBROUTINES CALLED: DTTODZ
GETZERO
TTOZ
GETPS
SETSIG

INPUT FILES:

1. FORTRAN UNIT 1 - Buddy-checked residuals and observations data at

observation sites (FGGE II) which output from

C3ASAPRES program

Records # Description

I NOBS = Number of soundings

Even of (2 to NOBS + 1) RLAT,RLON,JID,ZSTAR,(UBD(J),J=1,97)

RLAT = Latitude of the observation site

RLON = Longitude of the observation site
JID = Soundings ID
ZSTAR Surface height
OBD(l) = surface pressure

OBD(2) = Height residual at level 2

OBD(3) Quality flag for height

OBD(4) = U wind residual at layer 1

OBD(5) = V wind residual at layer 1

OBD(6) = Quality flag for wind

OBD(7) = Moisture residual at layer I

OBD(8) = Quality flag for moisture

OBD(9) = Temperature residual at layer 1

2. Sela, J., 1982: The NMC Spectral Model. NOAA Technical Report NWS-30,

National Meteorological Center, Washington, D.C.

e11
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*Records # Description

OBD(LL+l) = Height residual at level KG-i
OBD(LL+2) = Quality flag for height
OBD(LL+3) = U residual at layer K

*OBD(LL+4) = V residual at layer K
OBD(LL+5) = Quality flag for wind
OBD(LL+6) = Moisture residual at layer K
OBD(LL+7) = Quality flag for moisture
OBD(LL+B) = Temperature residual at layer K

Odd of (2 to ?IOBS+l) (TT(J,J=lKP),Xl(J),J=lKP),
(X2(J) ,J=l,KP),(X3(J),J=l,KP),
(TFG(J) ,J=l,KP)
TT = Temperature observation profile
Xl = U wind observation profile

* 12 = V wind observation profile
X3 = Specific humidity observations profile
TFG = First guess temperature profile

* 2. FORTRAN UNIT 10 -A matrix and C matrix for Sela's hydrostatic

equations (2)

Record # Description

I (AMf(I,J),I=1,XP),J=1,ICP)
AM =A matrix

*2 (CM(IJ),I~lKP),J=lKP)
CH = C matrix, (the inverse of AM)* B matrix

OUTPUT FILES:

* 1. FORTRAN UNIT 5 -Reorganized residual data of U,V-Wind and
composite variable P with equal number of data
points at each layer

Record # Description

* (KC-.)*KP+l N = Number of soundings for U residuals
K = Kth sigma layer

KP = Total number of
sigma layers

(K-1)*KP+2 (OBSLAT(I),I=l,N)
Latitudes for U residuals

(K-l)*KP+3 (OBSLON(I) ,I=1 ,N)
Longitude for U residuals

U wind residuals

12



RecordA Description

(K-1)*KP+5 N = Number of sounding for V residuals

(K-1)*KP+6 (OBSLAT(I),I=I,M)
Latitude for U residuals

(K-1)*KP+7 (OBSLOU(M)I=I,N)

Longitude for V residuals

(K-I)*KP+S (XI),I=I,N)

V wind residuals

(K-1)*KP+9 N = Number of soundings for P
(composite variable residuals)

(K-I1)*KP+1O (OBSLAT(I),I=1,N)
Latitude for P residuals

(K-1)*KP+ll (OBSL.ON(I),I=I,N)

Longitude for P residuals

(K-1)*KP+I2 (()IIN

P residuals

2. FORTRAN UNIT 15 - Reorganized observation data of U,V wind and
temperature with equal number of data points

at each layer

Record I Description

(K-1)*KP+l N = Number of soundings for U

(K-1)*KP+2 (OBSLAT(I),I=lN)
Latitudes for U observations

(K-1)*KP+3 (OBSLON(I),I=I,N)
Longitudes for U observations

(K-1)*KP+4 (K(I),I=I,N)

U wind observations

(K-I)*KP+5 N = Number of soundings for V observations

(K-1)*KP+6 (OBSLAT(2),I=l,N)
Latitudes for U observations

(K-1)*KP+7 (OBSLOU(I),I=I,N)

Longitudes for V observations

(K-1)*KP+8 (X(I),I=I,N)

V wind observations

13



Record # Description

(K-1)*KP+9 N = lumber of soundings for temperatures

(K-1)*KP+10 (OBSfAT(I)pI=au)
Latitudes for temperatures

q .(K-1)*KP+11 (OBSLON(I),I=I,N)

" Longitude for temperatures

(K-1)*KP+12 (X(M)I=lN)

Temperature observations

DESCRIPTION OF MAIN SUBROUTINE:

Designators Text

CA Read in total number of soundings.

CB Set up sigma structure.

(K=l for bottom)

CC Read in matrix A and matrix C.

CD Input residuals, surface height, observations and
first guess temperature on each sigma layer.

CE Check the missing data. If the data of all the
layers are missing, the sounding will be dropped.

If the data are found on at least one layer, the
sounding will be reformatted and stored. The

missing residuals will be replaced by zeros and
the missing observation temperatures will be

replaced by the first guess temperatures.

CF Sela's method is used in both subroutines DTTODZ
and TTOZ to convert temperature residuals tr

height residuals and temperature profiles to

height profiles. Subroutine GKTPS is called to

compute the surface pressure at observation sites.

CG The residuals of composite variable are computed
from the update surface pressure residuals and

height residuals.

AP = AZ*9.8+R*To*AQ

R = 287.05
To = 300OK basic state temperature.

CH The useful data are stored in the scratch files
tape 2 (residuals) and tape 12 (observations).
Subroutine GCTZERO is called to apply four

-. corners method to fill in first guess data for
data-void area.

~14



PROGRAM: C5VERMODES

ABSTRACT: This program is designed to read data for
the sigma layers, then project the data on desired
vertical modes.

MAIN SUBROUTINE: VERNOD

SUBROUTINES CALLED: VERT

INPUT FILES:

1. FORTRAN UNIT I - U, V, P residuals at sigma layers

(See output file of program C4RFMPRO)

2. FORTRAN UNIT 5 - Vertical modes

Record # Description

1 ((EIGG(I,J),I=l,KLEV),J=4,MODES),
((EIGT(I,J) ,I=d,KLEV) ,J=1,MODES).
(GH(I),I=l,MODES),(DOTPRO(I).I=1,MODES),
To(I) ,1=l,KLEV)

JCLEV = Number of sigma layers
MODES = Number of vertical modes
RIGG = Eigenvectors of matrix G(3 )
RICT = Kigenvectors of matrix GT
CH =Negative of the real elgenvalues of

matrix G
DOTPRO =Reciprocal of the inner product

of eigenvectors of G and GT
To = A vector of basic state temperature

OUTPUT FILES:

1. FORTRAN UNIT 10 -Data projections on vertical modes

Record # Description

(INOD-l ) 4+1 ICOBSIIODES, IHOD

ICOBS = Number of soundings
IMODES =Number of vertical modes applied
INOD = Mode index (I to IKODES)

*(IMOD-1)*4+2 (RANLAT(J),J=l,KOBS)
Latitudes for soundings

3. Ballish, A. B., 1980: Initialization. Theory and Application to the
NMC Sipectral Model. Ph. D. Thesis, University of Maryland, 151 pp.

15



* Record # Description

(IHOD-1)*4+3 (RANLOM(J) ,J=l,KOBS)

Longitude for soundings

(IHOD-1)*4+ (OBS(J,IHOD),J=KOBS)
Data projections of mode IMOD

DESCRIPTION OF MAIN SUBROUTINIE:

Designators TRXT

CA INPUT vertical modes from Tape 5.
INPUT residuals from Tape 1.

CB Call subroutine VIRT to do vertical projection.
* The projection is located at observations site

for each IMOD, up to IHODES.

CC Write the projections to Tape 10 for output.
Print out some values for checking.

16
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PROGRAM: C6DIIEKPO

A TRACT: This program is designed to perform the
objective analysis on irregularly spaced
observation points by fitting normal mode
functions to the residuals (observations minus
first guess values) with "finality"
procedure.(1 ) The residuals are first
projected onto vertical modes and a set of
horizontal normal functions for each vertical
mode is evaluated at the same geographic
locations as the observations. A set of
coefficients is determined by fitting the
vectors.

MAIN SUBROUTINE: PCOMF

SUBROUTINES CALLED: GETTH
GCTOBS
FUNCH

INPUT FILES:

1. FORTRAN UNIT 1 - DATA projections on vertical modes
(See output files of program CSVKRNODES)

2. FORTRAN UNIT 2 - Normal mode functions for every one degree latitude
interval

Record I Description

1 GH - Geopotential of vertical mode IHOD

2 IS,IWG,LRLALL,IAS

* IS = Zonal wave number
IWG = Gravity wave number
LR = Rossby wave number
LALL = Accumulated wave number
IAS = Index for symmetric (=1) or antisymmetric
(=2)

3 (FH(K,1),K=I,NLAT)
Normal mode functions for variable U of zonal
wavenumber IS and frequency index [ALL at every
I degree latitude

4 (FH(K,2),K=I,NLAT)
Normal mode functions for variable V of zonal

wavenumber IS and frequency index [ALL at every
1 degree latitude

17



Record # Description

5 (FH(K,3),Kfl,NLAT)
Normal mode functions for variable P of zonal
wavenumber IS and frequency index LALL at every
1 degree latitude

6 IS,IWG,LR,LALL,IAS

7 (FH(K,I),K=l,NLAT)

8 (FH(K,2),K=I,NLAT)

9 (FH(K,3),K=I,LAT)

10 to IKODRS*NS*NLR*4+1 Pattern of record #2 to record #5 is repeated
VS = Total number of for all the zonal wavenumbers and all the

zonal waves frequency indices of each vertical mode IKOD.
INODES=8 is used for case of 12 sigma layers
model.

3. FORTRAN UNIT 3 - Total number of gravity waves and Roseby waves
to be used of each zonal wave at each vertical mode

Record # Description

1 to IMODES*NS NLR = Number of frequency indices for each
zonal wavenumber IS and each vertical mode IMOD
UL = Maximum of NLR

OUTPUT FILES:

1. FORTRAN UNIT 20 - Resulting coefficients from analysis

Record # Description

1 to TKODES A(NL,NS,2) = Coefficients for each vertical mode

DESCRIPTION OF MAIN SUBROUTINE:

Desixnators Text

CA Input resolution and constants.

CB In loop (DO 1000), vertical modes and normal
mode function are read in from Tape 2.

For each vertical mode, subroutine GETOBS is
called to get data projections of this vertical
mode and subroutine GETTH is called to evaluate
the normal mode functions on observation sites.

CC "Finality" procedure is performed in inner loop
(DO 5) on all the observation points for each
zonal wavenumber (DO 8) and each frequency index
(DO 7).

18



Dgsianators Text

CD The coefficient array A(IL,NS,2) is written to
Tape 20.

Cc The differences between the input data
projections and the computed values from
coefficients at the observation sites are
printed. The RKS errors are computed for each
variable (U, V, P) at each vertical mode.

1

19
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- PROGRAM: C7DIXA L

ABSTRACT: This program is designed to use the coefficients
output from C6DIXEMPNO to determine the values

of variables at regular grid points(3 ) (2.50 X
2.5* global grid).

MAIN SUBROUTINE: DIXAML

SUBROUTINE CALLED: None

" INPUT FILES:

1" 1. FORTRAN UNIT 3 - Total number of gravity waves and Rossby waves to be
used for each zonal wave at each vertical mode
(See FORTRAN UNIT 3 input file for program
C6DIXEKPNO.)

2. FORTRAN UNIT 4 - Normal modes functions for every 2.5 degree latitude

interval
(The file structure is the same as the structure of
input file FORTRAN UNIT 2 for program C6DIXEIPNO.)

. 3. FORTRAN UNIT 5 - Vertical modes
(See input file FORTRAN UNIT 5 for program
C5VERMODES.)

4. FORTRAN UNIT 20 - Analyzed coefficients from the output of program
C6DIXEXPNO
(See FORTRAN UNIT 20 of program C6DIXE]PNO.)

OUTPUT FILES:

1. FORTRAN UNIT 30 - Analyzed residuals for each variable (U, V, P) at
regular global grids (2.5* X 2.5) on sigma layers

Record # Description

1 to KP*NFUN*LHAF ((x(I,J,ILAT,IFU),I=I,LON),J=I,2)

This record structure is repeated for LHAF latitudes
and NFUN variables and KP sigma layers

"LON = Number of longitude points
(NLON=l4 for every 2.5 degree)

J Hemisphere indicator
(J=l for northern hemisphere,
J=2 for southern hemisphere)

%"
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Record # Description

ILAT = Latitude index
(ILAT = 1 to LHAF)

IFUN = Variable index
(IFUN=l for U wind residuals,
IFUN=2 for V wind residuals,
IFUN=3 for surface pressure residuals )

LHAF = Number of latitudes for one hemisphere
(LHAF- 37 for every 2.5 degree latitude)

HFUN = Number of variables for processing (NFUN=3),
i.e., U, V, P (composite variable)
or U, V, Q (surface pressure)

DESCRIPTION OF MAIN SUBROUTINE:

Desimnators Text

CA Input for resolutions and constants.

CB Set up sigma structure and basic state temperature.

CC Initialize the variable array and input the vertical
modes from Tape 5.

CD Compute the scalar product of the vector function of
the sigma coordinates with the vertical mode
eigenvector. (3)

CE Get coefficients SGAM(NL,NS,2) from Tape 20 and get
normal mode functions from Tape 4.

Residuals for variables (U, V, P) on a 2.50 X 2.50
global grid for each vertical mode IMOD are
determined (GRID) and stored in scratch file Tape 1.

IMOD ranges from I to IMODES (IMODES=8 for KP=12
sigma layers).

CF At each grid, values on the vertical modes are
converted to the values on the sigma layers and
composite variables are converted to heights.(3 )

21
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PROGRAM: C8GRIDF

ABSTRACT: This program is set up to reconstruct the grid field

from analyzed residuals field (2.5* X 2.50). The

updated surface pressure field is computed from

updated height field by using a quadratic
relationship. The height field is converted to

temperature field by using the Flattery
method.(1 ) All the variables are interpolated to
updated sigma layers.

MAIN SUBROUTINE: GRIDF

SUBROUTINES CALLED: PSZTOT
FHTTRA
SETSIG
TOSIG
FLATZT
IMINV

INPUT FILES:

1. FORTRAN UNIT 1 - First guess field (2.50 1 2.50)

Record # Description

1 to 74 Q(LON) = Surface pressure
LON= Number of points for each latitude circle

(LON=144 for every 2.5* longitude)
ODD record # is for northern hemisphere and even
record # is for southern hemisphere, running from
equator to pole

75 to KP*74*3 U(LON) = U wind of each hemisphere for each latitude
at each sigma layer

V(LON) = V wind of each hemisphere for each latitude
at each sigma layer

Z(LON) = Z height of each hemisphere for each
latitude at each sigma layer

These three records are repeated by northern
hemisphere to southern hemisphere for 37 latitudes
(from equator to pole) for KP=12 sigma layers

2. FORTRAN UNIT 2 - Analyzed residuals at regular global grids (2.50 X
2.50)
(See output file FORTRAN UNIT 30 of program
C7DIXANL.)
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OUTPUT FILES:

1. FORTRAN UNIT 10 - The reconstructed global grid of variables U, V and
temperature at updated sigma layers

Record # Description

1 to KP
KP=total number
of sigma layers XT(NLON,ULAT) Temperature on regular global grid

(2.50 X 2.50) for KP=12 sigma layers,
where

NLON = 144
NLAT = 73

KP+l to 2*KP U1(NLONNLAT) = U on regular global grids
(2.5" X 2.5° ) for KP=12 sigma
layers

2*KP+l to 3*KP V1(NLON,NLAT) = V on regular global grid
(2.50 X 2.50) for KP=12 sigma
layers

3*KP+l XQ(NLON,NLAT) = Surface pressure on regular global

grid (2.50 X 2.50)

DESCRIPTION OF MAIN SUBROUTINE:

Designators Text

CA Set up constants, resolution, sigma structure and
grid locations.

CB Read in FGGE 3A terrain height field Y(ILON,NLAT)
from Tape 4.

CC Get first guess field of post-processing from Tape 1.

CD Get analyzed field from Tape 2.

CE Subroutine SETSIG is called to set up sigma
structure.

Subroutine FMTTRA is called to rearrange the data
structure.

Subroutine PSZTOT is called to compute update
surface pressure and to convert height field to
temperature field.

Subroutine TOSIG is called to update variables to
new sigma layers with new surface pressure.

23
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PROGRAM: C9SBSPDATA

ABSTRACT This program converts regular global grid data (2.50

X 2.5*) to spectral data. The regular grids are
linearly interpolated to Gaussian latitudes first,
then the field is transformed to the spectral domain.

MAIN SUBROUTINE: SPDATA

SUBROUTINE CALLED: LINTERP

LEGSUN
GAL
LMN

FFTI
PMNS

PRINT
GAUSLAT
POLY

INPUT FILES:

1. FORTRAN UNIT 1 - Regular global grid (see output file FORTRAN UNIT 10

of program C8GRIDF)

2. FORTRAN UNIT 3 - Spectral terrain height from FGGE 3A (rhomboidal

truncation)

Records # Description

ZMN1(MSNSl) : Terrain height in spectral form,

where MS=31 and NS=31 for rhomboidal

truncation at wavenumber 30

3. FORTRAN UNIT 4 - Specific humidity in spectral form from FGGE 3A

(rhomboidal truncation)

Records # Description

1 to KP ZKNl(MS,NS,KP) = Specific humidity in spectral form

for rhomboidal truncation at

wavenumber 30 with KP=12 sigma

layers

OUTPUT FILES:

1. FORTRAN UNIT 2 - Spectral data of variables vorticity, divergence,
temperature, specific humidity, surface pressure and

surface geopotential; in coded form with standard
structure (See input file FORTRAN UNIT 1 of program
C2POSTPTZ.)
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DESCRIPTION OF MAIN PROGRAM:

Desianators Text

CA Set up constants, resolution, Gaussian quadrature
and Fourier transform.

CD u and V grids are linearly interpolated to Gaussian
latitudes and are converted to vorticity and
divergence in spectral form.

CC Compute spectral components for temperature.

CD Merge specific humidity data.

CE Compute spectral components for surface pressure.

CF Merge surface geopotential data.

25
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, PROGRAM: GUM

ABSTRACT: This program is modified from UNC global forecast
model to perform global normal mode initialization.

MAIN SUBROUTINE: 1. GAIN - This main subroutine is set up to get initial
parameters, coefficients constants, model structures

and file assignments for model processing. (See GSE

program documentation for details (4 ) .)

2. GNMINI - Subroutine is called by subroutine GRAIN
to apply Machenhauer method of nonlinear normal mode
initialization for global data set. The normal
modes with vertical mode less than NODS and period

less than PERCUT are adjusted to produce

approximately zero tendency.

SUBROUTINES CALLED:

1. GAIN: SETSIG

AMfMTR
GLATS

EPSLON
PREFLD
GRDIIF

GSSTCD
GEMINI
GWRITE

2. GENINI: RMS
BECK
GLOOP
TEND
VERTIC
PRIMES
HORIZ1

The details of all these subroutines are described in GSR program

documentation. (4) The theory of nonlinear normal mode initialization is

discussed in Ballish, 1980 (3 ) and generalization of the scheme is

(5)*. described in Gerlach, 1983.

4. GSR Program Documentation, VNC/AWS, 1983.

5. Gerlach, A. M. (ed.), 1983: Objective Analysis and Prediction
Techniques - 1983. AFGL-TR-83-0333, Contract F19628-82-C-0023, Systems and
Applied Sciences Corporation, ADA142441.

df
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INPUT FILES:

1. FORTRAN UNIT 5 - A record containing 28 integers in the format 2815.
These integers fill the array MUM

The details of the array NUN are described in GSN program

documentation.(4 ) The inputs IRM(18) and NUM(19) are used in the

initialization scheme.

NUM(18) = NODS; Number of vertical modes to initialize

NUN(19) = NITER: Number of iterations for Nachenhauer normal mode
initialization

2. FORTRAN UNIT 16 - Inputs for sea surface temperature and drag

coefficients

Record # Description

1 Sea surface temperature with dimension (#LOI,#LATG)
ordered from equator to poles; sea surface
temperature less than 269.95 is considered over land

2 Drag coefficients with dimension (#LON,#LATG)
ordered from equator to poles,

where #LON = Number c. longitudes for each latitude
#LATG = Number of Gaussian latitudes

Both records are reordered in subroutine ASSTCD from north pole to
south pole.

3. FORTRAN UNIT 18 - Spectral data input (unformatted) (See FORTRAN UNIT
1 in program CI1POSTPTZ.)

4. FORTRAN UNIT 80 - Inputs for eigenvalues and eigenvectors from the
normal mode computation

Record # Description

EIGG,EIGGT,GH,DOTPRO,TO

EIGG(#KP,#KP) = The sorted unit eigenvectors of
matrix G

EIGGT(#KP,#KP) = The sorted unit eigenvectors of
matrix GT

GN(#kp) = The negative of the eigenvalues of
matrix G

DOTPRO(#IIP) = The reciprocal of the inner product
of the unit eigenvectors of G and GT
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Record I Description

TO(#P) = A vector of basic state temperatures used

in the generation of the normal modes,

where #KP = lumber of vertical layers or modes

* 2 to #KP*#JCAPI+l PKRG

where #P = number PKR(JG) = Periods of gravity modes for each zonal
of vertical modes wave and each vertical mode,

" #JCAPI=Zonal wave where JG : Number of gravity modes
- number of rhomu-

boidal truncations G(JG,NAS) = Corresponding eigenvectors,
#JCAP + 1.

where AS = Vector size of symmetric or
antisynmetric
This pattern is repeated for #JCAP1 zonal wavenumber
and #KP vertical modes.

OUTPUT FILES:

*- 1. FORTRAN UNIT 19 - Normal mode initialized spectral coefficients for
all model variables (unformatted) (See FORTRAN
UNIT 1 in program C1POSTPTZ.)

DESCRIPTION OF MAIN SUBROUTINES:

See GSM program documentation(4 ) for details.

a.
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PROGRAM: C12RPOSTP

ABSTRACT: This program is set up to compute the update
residuals at observation sites. The normal mode
initialized field is post-processed at observation
sites and combined with original observation data to
construct update residuals. Sela's method (2 ) is
used to convert temperature residuals to height
residuals.

MAIN SUBROUTINE: RPOSTP

SUBROUTINES CALLED: LEGSUM
FFTGP
P-US
BSCST
SPTOGP

SIGMC
GETDZ
DTTODZ

INPUT FILES:

1. FORTRAN UNIT 1 - Normal mode initialized spectral data (unformatted)
(See FORTRAN UNIT I in program C11POSTPTZ.)

2. FORTRAN UNIT 10 - Observations of U, V wind and temperature with equal
number of points on each layer (See FORTRAN UNIT 15
in program C4RFHPRO for details.)

3. FORTRAN UNIT 20 - A matrix and C matrix for Sela's hydrostatic
equation (See FORTRAN UNIT 10 in program C4RKFPRO.)

OUTPUT FILES:

1. FORTRAN UNIT 7 - Updated residuals at observation sites

Record # Description

1 N = Number of observations at layer 1 for U

2 X(1) = Latitudes for U

3 X(I) = Longitudes for U

4 X(M) = U residuals at observation sites on sigma
layer 1

5 N = Number of observations on layer 1 for V

6 x(I) = Latitudes for V
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Record # Description

7 X(I) = Longitudes for V

8 X(I) = V residuals at observation sites on
sigma layer 1

9 9 = number of observations at layer 1 for composite
variable P

10 X(I) = Latitudes for P

11 X(I) = Longitudes for P

12 X(I) = Residuals of composite variable P at
observation sites on sigma layer 1

These twelve records are repeated for all sigma layers.

DESCRIPTION OF MAIN SUBROUTINE:

Designators Text

CA Set up basic constants and resolutions.

CB Read in initialized data.

cc Input for observation locations.

CD Post-process initialized data at observation sites
and store first guess on scratch files.

CE Check date and compute residuals of variables U, V,
T.

CF Call subroutine GffTDZ to get residuals of height
then convert to residuals of composite variable.
The results are rearranged and written to output
file.
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PRWRAM: CRXMF

ABSTRACT: This program is designed to calculate the normal
mode functions for the AFGL model to be used as
basic functions in the analysis of velocities,
heights, and surface pressure. The coefficients of
vorticity, divergence and the composite variable P
are read in from FORTRAN UNIT 1 for the S=O case and
from FORTRAN UNIT 2 for S>O case. The normal mode
functions are stored in FORTRAN UNIT 5. Both Rossby
wave and gravitational modes with periods greater
than 48 hours are included.

.AIN SUBROUTINE: CREW

SUBROUTINES CALLED: NODSUM
PLET

WROUT

INPUT FILES:

1. FORTRAN UNIT I - The coefficients of vorticity, divergence and
composite variable P for S=0

Record # Description

1HGU(I) = Height of vertical mode

2 to 3 (P9R(I,IAS),I=NFl,NFST),
((G(IIJJ,IAS) ,II=NFI,NFST),
JJ=l ,NKER)

PER(IIAS) = Periods for Rossby waves only,
where IAS is index of symmetric and antisymmetric
modes
IAS=1 for symmetric and
IAS=2 for antisymetric

G(II,JJ,IAS) = Coefficients for Rosaby waves only,
where JIE is the number of coefficients found for
each eigenvector which includes total of divergence,
vorticity and composite variable P

The records 1 to 3 are repeated over all the desired vertical modes
IMODES.

2. FORTRAN UNIT 2 - The coefficients of vorticity, divergence and
composite variable P for S>O; both Rossby and
gravitational modes (whose period exceeds PERCUT)
are included
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Record I Description

1 ((BLANK(I,J),I=ILEV),J-1,ILEV),

((BLANK(I,J),I-,ILEV),J=1,ILEV),
(GH(I),I=l,ILEV)

GH(I) = Height of vertical modes

2 to 3 (PER(I,IAS),I:I,NF),((G(II,JJ,IAS),
II=l,NF),JJ= ER)

PER(I,IAS) = Periods for both Rossby waves and
gravity waves

G(II,JJ,IAS) Coefficients for both Rossby waves
and gravity waves

The record 2 to 3 are repeated over all the zonal waves and all the
* vertical modes.

. OUTPUT FILES:

1. FORTRAN UNIT 5 - The normal mode functions for every I degree
latitude interval

7(See input file FORTRAN UNIT 2 in program C6DIIEMPNO
for details.)

2. FORTRAN UNIT 3 - Total number of gravity waves and Rossby waves to be
stored for each zonal wave at each vertical mode

Record # Description

1 to IHODES*NSWV LALL = Number of frequency indices for each zonal
where IMODES is wave and each vertical mode

. the total number of
vertical modes, NSWV
is total number of

'* zonal waves

DESCRIPTION OF MAIN SUBROUTINE:

Designators Text

CA Read in all vertical modes.

CB Write geopotential modal heights to output file.

CC Read in periods and coefficients.

CD Compute Legendre functions for all latitudes and

specific S.

32

N.



Designators Text

CS Compute normal mode functions for Rossby modes and

call subroutine WROUT to write to output file.

CF Compute normal mode functions for gravitational

modes and write to output file.

33
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PROGRAM: ZEROS

ABSTRACT: This program is set up to calculate coefficients of
vorticity, divergence, and composite variable for
zonal wave S=O.

MAIN SUBROUTINE: ZEROS

SUBROUTINE CALLED: None

OUTPUT FILES:

1. FORTRAN UNIT 1 - The coefficients of vorticity, divergence, and
composite variable for S=0

(See input file FORTRAN UNIT 1 in program
NEFUNCTIONS.)

DESCRIPTION OF MAIN SUBROUTINE:

Designators Text

CA Input of vertical modes from data statement and
output of these to FORTRAN UNIT 1.

CB Loop over all the Rossby frequencies and fill in
sparse vector. Set divergence coefficient to zero.

CC Perform Gramm-Schmidt procedure.

CD Compute coefficients of vorticity and composite
variable, then write to output file.

34
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PROGRAM: SIGCOK
RICCOf

ABSTRACT: These programs are set up to compute the normal mode

coefficients for use in nonlinear normal mode
initialization. The output of program KIGCON

contains only gravity modes. Both Rossby modes and

gravity modes are included in REIGCOM output.

The details of these programs are described in GSH protram

documentation.(
4 ) The basic theory is in Ballish (1980).(

3 )
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IV. DESCRIPTION OF SUBPROGRAMS

The details for those subroutines called by the main programs are

- discussed in this section. It is written in the following form for each

.. subroutine:

SUBROUTINE: (Name of subprogram)

ABSTRACT: (Abstract of the subroutine)

SUBROUTINES CALLED: (Name of subroutines called by this subroutine)

"* INPUT VARIABLES: (Variables used as input arguments)

OUTPUT VARIABLES: (Variables used as output arguments)

ARGUMENT LIST: (Variables in argument list)
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SUBROUTINE: DTTODZ

ABSTRACT: This subroutine is set up to get height residuals
from temperature residuals by using Sela's method.

SUBROUTINES CALLED: None

INPUT VARIABLES:

Symbol Meaning

DT(K) Temperature residual profile with dimension KP

KP Model vertical resolution

CM C Matrix from Sela's hydrostatic equation (2)

N Number of observations

OUTPUT VARIABLES:

Symbol Meaninz

DX(k) Variable to store height residuals with k-l at
bottom

DZ(k) Computed height residuals from Sela's hydrostatic
relation, where k=l at top
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SUBROUTINE: FLATZT

ABSTRACT: This subroutine is set up to apply Flattery's
algorithm (1 ) to get layer temperatures from layer
heights. The method involves the construction of
thickness temperatures from heights. Using these
thickness temperatures, a set of equations is
obtained by least-squares approximation that yield
temperatures which minimize the errors of the
constraining equations.

SUBROUTINE CALLED: IMINV

INPUT VARIABLES:

Symbol Meanini

ZL(MLPI) Layer heights

SL(MLPI) Model sigma layers

KLP1 Number of layers

IWRT FLAG for printer

OUTPUT VARIABLES:

Symbol Meaning

TL(MLPL) Layer temperatures

Description:

DO Loop 20 constructs the reciprocal of the difference across the

layers of the logarithm of pressure.

DO Loop 30 sets up coefficients in one set of constraining equations.

DO Loop 40 initializes to zero all the elements of the matrix A
transpose, AT(AT ).

DO Loop 50 and 60 set up the coefficients of matrix AT.

DO Loop 80 initializes to zero the elements of the matrix product
ATA or ATA, and then calculates the matrix product.

The thickness temperatures TBAR are computed from the input heights
and then the right hand sides of the constraining equations are
computed in UNK.

The right hand side of the equations AT U is multiplied by AT.

The solution is obtained by multiplying the inverse of ATA by
ATU and scaled by multiplying by SCLT.
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SUBROUTINE.: FMTTRA

ABSTRACT: This subroutine is called to rearrange the data by

changing dimension.

SUBROUTINK CALLED: None

INPUT VARIABLES:

symbol meaning

NF1 Original unit number

.72 Rewrite unit number

A Original array

NIm Original dimension

MOUT Redefine dimension

LOMN Fixed dimension

OUTPUT VARIABLES:

Sybol Meanins

B Rearranged array

:39
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SUBROUTINE: VUICH

* M"RACT; This subroutine is got up to obtain basic function

at liven latitude from linear interpolation of basic
function table. The table is constructed with every
one degree latitude intervals.

. SUBROUTINE CALLED: None

INPUT VARIABLE:

Symbol Meaning

PHI Given latitude

IK Index for interpolation

Xl Lower bound basic function

X2 Upper bound basic function

IFUN Function indicator

IFUM=l for U
IFUN=2 for V
IFUN=3 for Z

IAS Index for symetric or antlsymuetric modes

IAS=l for symmetric
IAS=2 for antisymmetric

*q OUTPUT VARIABLE:

Symbol Meanini

XRET Basic function at given latitude
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SUBROUTIN: GETDZ

ASSTRACT: This subroutine is called to compute residuals for
composite variable and construct the output file.

SUBROUTINE CALLED: DTTODZ

ARGURM LIST:

Symbol Meaninz

X Variable array for input or output

RES Residual array of composite variable

NALL Number of data points for each sigma layer

CH C Matrix from Sela's hydrostatic equation

DX Height residuals profile from bottom up

DZ Height residuals profile from top down

QX Array of surface pressure residuals
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SUBROUTIMI: GETODS

ABSTRACT: This subroutine is called to read in normal mode
data projections from input file.

SUBROUTINKS CALLED: None

- ARGUMENT LIST:

Symbol Hlgeins

OBS Array for variable input

KTOTAL Number of data points for each variable at each
vertical mode

ALAT Array of data latitudes

ALON Array of data longitudes

CCS Array of exponentials at data longitudes

IFUN Number of variables

KFUM Number of data points for each variable at
each vertical mode

KALL Total number of data points for all the variables
at each vertical mode

'p2

'VJ
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SUBROUTINE: GETPS

ABSTRACT: This subroutine is set up to obtain updated surface
pressures by using quadratic relationship.

SUBROUTINES CALLED: None

INPUT VARIABLE:

Symbol Meaning

PHI(LAYER) Height profile with dimension LAYER

LAYER Number of layers included surface

KP Number of sigma layers

PO Model surface pressure

SL Sigma value at layers

P Array of log pressure

PP Array of pressure

N Number of data points

OUTPUT VARIABLE:

Symbol Heanint

DQ Surface pressure residual

PN Updated surface pressure
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SUBROUTINE: GErTH

ABSTRACT: This subroutine is set up to obtain the appropriate
horizontal normal mode functions for analysis.

SUBROUTINES CALLED: FUNCH

INPUT VARIABLES:

Symbol Meaniny

FH Normal mode functions at every one degree latitude
intervals

RANAT Array of data latitudes

KTOTAL Number of data points at each sigma layer for
all the variables

ICFUN Number of data points at each sigma layer for each
variable

NILAT Not in use

NFUN Number of variables

IAS Index for symmetric or antisymmetric

OUTPUT VARIABLE:

Symbol Neanini

THET Array of normal mode functions at observation sites
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SUBROUTINE: G'TZKRO

ABSTRACT: This subroutine inserts zero residuals at the
corners of a grid box if no observation is found in
that box.

SUBROUTINES CALLED: None

ARGUMENT LIST:

Symbol Meanink

X Array of data

OBSLAT Array of latitude

OBSLON Array of longitude

MALL number of data points at each sigma layer

KP Number of sigma layers

N1 Original unit number of data file

U2 Final unit number of data file

IRKS FLAG for residuals

IRES=0 is for observation
IRES=l is for residual

QX Array of updated surface pressure
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SUBROUTINE: IMINV

[ ABSTRACT: This subroutine is called to compute inverse of

matrix. The standard Gauss-Jordan method is used.

SUBROUTINES CALLED: None

INPUT VARIABLES:

SYMbol Heanini

A(N,N) Input matrix of order N1 to be inverted; destroyed in

computation and replaced by resultant inverse

Vt Order of A

L(N) Work vector of length N

R(N) Work vector of length N

OUTPUT VARIABLES:

symbol Meaning

A(N,N) Inverse of input matrix A

D Determinant of A inverse
If D=O.0, A is singular
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SUBROUTINE: PSZTOT

ABSTRACT: This subroutine is set up to compute updated surface
pressure by using quadratic relationship.(1 ) The
updated surface pressure is the input for routine
FLATZT to convert height profiles to temperature
profiles.

SUBROUTINES CALLED: FLATZT

INPUT VARIABLES:

Symbol Meanini

PHI(LAYER) Height profile

LAYER Number of layers including surface layer

KS Number of sigma layers

PO New surface pressure

SL Sigma values at layers

PL Update pressures at layers

P Array of log pressure

PP Array of pressure

IWRT FLAG for printer

OUTPUT VARIABLES:

Symbol Meanina

T(KS) Updated temperature profile
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* SUBROUTINE: SETSIG

ABSTRACT: This subroutine is called to set up vertical sigma
structure.

" SUBROUTINES CALLED: None

Symbol -eaning

KP Number of sigma layers

KPPl KPPl = KP + 1

KPM1 IPMl = KP - 1

MK Not in use

MKM1 Not in use

OUTPUT VARIABLES:

Symbol Meaning

DEL(KP) Sigma spacing for layers

SI(KPPl) 1.0-CI at levels

SL(KP) Sigma values at layers

CI(KPPl) Sigma values at levels

CL(KP) I.O-SL at layers
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SUBROUTIVE: SIGNKC

ABSTRACT: This subroutine is called to change the variables
from AFGL sigma structure to NXC sigma structure
(index increasing upward).

SUBROUTINES CALLED: Hone

INPUT VARIABLES:

Symbol Meanink

U Array of U

V Array of V

T Array of temperature

GZ Surface geopotential

IHEN IHEX=1 for northern hemisphere
IHEX=2 for southern hemisphere

OUTPUT VARIABLE:

Symbol Meanina

US Array of U from surface upward (NMC)

VS Array of V from surface upward (NMC)

TS Array of temperature from surface upward (MXC)

GZS Surface height in meters

DELNMC DEL from surface upward (NMC)

SINMC SI from surface upward (NC)

SLNMC SL from surface upward (NXC)
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SUBROUTINE: TOSIC

ABSTRACT: This subroutine is called to interpolate the
variables to new layers with updated surface
pressure.

SUBROUTINES CALLED: gone

ARGUMENT LIST:

Symbol Meanins

XP Array of variable at original vertical layers

xS Array of variable at updated vertical layers

PS Updated surface pressure

LON Longitudes

KP Number of new layers

HK Number of old layers

MMl MKMl=HK -I

VLNP Mean of layer log pressures

DLNP Difference of layer log pressure

SL Sigma value of vertical structure

PP original layer pressures

PL Updated layer pressures

ALNP log layer pressures

PM original surface pressure
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SUBROUTINE: TTOZ

ABSTRACT: This subroutine is set up to compute layer heights
from layer temperatures by using Sela's hydrostatic
relations. (2)

SUBROUTINES CALLED: None

INPUT VARIABLES:

Symbol Meanina

TT Layer temperatures from surface upward

ZZ Layer temperatures from top down

DZ Layer heights from surface upward

KP Number of layers

KPPI IPPI = KP + 1

CM C Matrix of Sela's hydrostatic equation

AM A matrix of Sala's hydrostatic equation

S Vector for surface height

ZSTAR Surface height

ii Nth data point
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S-SUBROUTINE: VERT

ABSTRACT: This subroutine is set up to compute the vertical
projection of the variable found in the array Os
and to store it in OBS with layers changed to modes.

SUBROUTINES CALLED: None

ARGUMENT LIST:

Symbol Meaning

OBS Array of variable

MOBS Maximum dimension for array OBS to be used in this
subroutine

KOBS Number of data points for the variable

IMODES Number of vertical modes used

IFUN Variable indicator

IFUN=l for U
IFUN=2 for V
IFUN=3 for Z (height)

NLEV Number of layers
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SUBROUTINES:

AFGL IN-HOUSE SUBROUTINES:

BSCST
FFTI
GAUSLAT
GQL
LEGSUM
LINTERP

LMN
PMNS
POLY

PRIM
SPTOGP

UMVM

01 PACKAGE SUBROUTINES: (PROGRAM C3ASAPRES)

ASAPI
NASTORI
MASTOR4
QCALC
OBTNZL
MASTOR2
MASTOR6
CALCRES
FLAGS
FG
SPTOGPW
LEGSUM
PNIS
UIVM
CQCV
PTOSIG
TLAZLE
FFTGP
SPTOGPX

Not all subroutines from AFGL in-house package or 01 package are
described in this document.
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V. SUiNNARY OF RUN STRKAM

The run stream for the experiment is summarized in Table 1. This

table is an outline from which a procedure file may be developed to

implement the run stream. Corresponding COSMOS procedure files for the

AFWL Cray-i computer system are displayed in Figure I and Figure 2.
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* Select pvrftlefttegesvthltngtaskaill
2 sattrrupt 00 sOftumieur to st,
3 Ofit a DQcositr.eas?
4 *select pvamtloulgtct<4>.sa,.tnr,,,ul-tst.,,kl.
5 eanterruPt On sOftt&rS to 14
6 Sit (4> .04. 1 then so to ski
7 sxptt / 2
S $destroy tapes jqist
9 'switch tape? tgint

10 .0311 Store tgint1/results/ftgaat(4>
11 *switch ter3l tapes
12 *lst two w8208
13 0ft M1 .90. it thu lot tue a 12
14 **as got tape2zfqtg em<l>(2)
15 *tile, assluiaput
16 *dt* idat#U(1),iti*Oz<2) Sou
1? oesp / 10
is $"ass steps toP1666:/roeltslmsup4)
19 *switch tapes ter3l
20 *go to sk2
21 0.skli mass get iait11r*9ults/iajtl2z
22 0ego to 13
23 ssk21 destroy tapel tapuilt &Wel splut
24 aswitch tape66 topel
25 *switch cost tupe1O
26 exct /12
a/ *mns5 store outputI/vfeltot4op(Q)

29 *%ass store tapes lpfflts/zersiev$4 SPei51resultalobseq()
29 eswitch output c46PC4)
30 *give c4opC4) 1616 sod
31 *eustroy tope I
32 *let W4ru
33 esuitch tupelo coat
34 *switch tope,1S obseq
35 *switch tapes totel
36 *switch roil tapes
3? *over
31 onass store output slesul ts~votep~ttv%(4>
I9 *switch output ,erop~itrW(
40 egive verop~itW~4) 1686 *ad
41 *destroy tapel t"0e2 taPel topeN6
42 *switch topelO tapel
43 *switch uVP tOP62
44 *switch loll #,spo3
45 eoxix 1 15
46 cornss store otputilrosvItsidivep~1trW(
4? *switch output diN9V~ltr%(4)
46 agive E1Mop~StrW( 1696 TA
49 $ass store tmpe2O:/resvlts/rma~tr(1X2)O)3
So ocopy UPO2N tP26USTrU(4

Figure 1. COSMOS procedure file for the experiment run
without iteration
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51 *give tp20%iti'(4) 1144 @ad
52 SdOOvY tUp04
53 *switch toP.? Uvp
54 *Switch OV37 tapel
55 Oxtid / 2
54 **ass Store 9VtPut3/weSw1tS/c?Gp~it,\(E.
5? *mass store tmps33 reswl tsftprt tr\(1 )(2)(3>
SI *switch output c?op~itr\(4>
59 *live c79p~ittr(44 1666 ead
46 *switch tapes toil
61 switch taPe3 loll
42 *switch tape4 mc)?
43 $destroy topel top*2 topell
44 *switch let tal
65 *switch tap@30 topol
44 *switch terht tspe4
67 *aces / 2
63 *mass store PAWutput ults/tbspUItpW(
49 *pass store topetO:IvtsIgvtid~itr\(t)()(3)
70 switch output e6.p~itu'\(4>
71 *live clop~itr\(4> 1636 and
72 'destroy toae top.? tao3
73 *switch t&D*4 terht
74 *switch tori) tap*3
75 *switch sp<4) tap*4
76 *switch topelO tap.)
77 *xc9s / 4
78 **ass store output u/resujts/c9\itw\(4>
79 *switch output cgop\itv'\(4)
g0 *live c9ep~itt\<4> 166 @ad
w) *switch topq4 sp<I>
92 *switch tap#3 tov31
33 *%ass store tup,2:IvesultsIctout~itv\<(1X2)(3>
34 *destroy tapes tap016 taPell tupelo toPs),
15 *switch %s tapes
66 *switch wds tape,&
37 *switch tape2 %apell
Be *ustch Wl tupelo
39 *Xgum / 4
90 mesis storetseaAsw simttv(X))
91 *mass storetoeuvstsowiv(I2(3
92 'switch top96 t6\itr(4>

-'93 *give t6\itr\<4) 1636 k. sod
-94 'switch t&\itr\(4) tape&

95 $switch tapes sun
94 *switch tepee# oil
97 *switch tbpe)6 wdq

*~ ~ ~ ~ ~~~~g 9*mass store tp1:rs~ssdiv()21
99 $switch taPulY iit

I00 *destroy tape) toP92 tupelo output twpe

Figure 1. COSMOS procedure file for the experiment~ run
without~ iteration (continued)
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101 *13: switch W9g2 tape?
102 *dostro? tapeS
103 *sitch 163t taPeS
104 $destroy tape? topot
105 *Xtct / I
106 *destroy tape$
107 sitch $ape? vdg2
I06 Slit vdw(l)
109 *let lit a 0
110 sit (2) Gao. "0 th#m let vtoul2%
I1I sit vt seq. "00-" thee lot vdsvd~l
112 *mass soe t1t1rsls/Av%%
113 *switch tap.? 9ct'tvdWt%
114 *give fct~wd%%,t% 1944 k. ead
115 *dustr'oy tapel
136 0go to s
11? s142 so to
III *lost %*itch 9Ct~vd\\Vt\ tapol
119 Y
120 *ss
121 get ft ter3litorsst3ic oastapeS udgstapgI6 go* tifitapeSWl
122 edg21tape2
123 default dipslhultUSg
124 got comtscatrixv roiguroig31u12 uvp1Vvpm.9s32 lallslalomR21
125 wv371uvpnnf3?lat32 torhtttorhtl44 spluupl7Iz op~tsPlSO0z sp3sspI9l2uS
126 sptuspIO0z psmspIl~z Wt~SP2OO0z
127 set dira/executo
123 get xdix xfct xctv xvor xc?d =c89 xcls xptt xasp x~umm
129 gad
130 *lt loc *7
131 0olt 9ose
132 *lot jd a
133 0li02 lot 94 a J&s 1
134 sit to the" let Xt 0 0""
135 sit goot* to tho% lot A w 120
134 sosaos iscosltp uith \1vic~,vt%,pz9\jd\
I3? slf suet. to thea let tac a ic 4 1
132 *lot 93 a east. to
139 *lf Jd go. 5 then "o to
140 Ogg to lot
141 *stpu so to

Figure 1. COSMOS procedure file for thbe experiment run
without Iteration (continued)
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180SELMC PRINTIL Owt MG S.VF HALTUNG, ASK= 90
28*I1(IR1UPT Of SOU1UAEEAR TO SP

SS*TtttUvl O TOAREIRRO 71 L4

a. ?u*LIX LET like 114
18*SuhTC. RE36 TAPES
9.'1 VEt

1080"ASS $TIRE OUTPUMII315ULTO/IPKRU31RI(4
1196SuITCet OUTPUT lWtI1%(q

118601STRI TAPESI TOME TAP13 IAPE24
t1asSUITCH VV TAPE1*

16u.SU1TCN LALL 1APE3
1720191X 1 15
IS'asoASS &TIRE OUTP11711INESULISITsPgIxIhgW(4
I9w*SVITCN OUTPUT 31SIXM RM(
20*619E 611OPNI1RN(4) 1606 END
21useASS PTORE TAPDMhjRELS/Tma%,vg%(,X2
22seCOPY TAPEZO TPOMUTRW(
23moGIWE TP20%]TRW(4 1344 103
24asIESTOGY1 APE4
25soSU TICN TAPER IV
268*SVITCII VY7 MPE4
27soXC7D / 2
26u.IASS STORE 6UTPITs/lIEWUT/WPCIT3IM0
29'soASS STORE VAPE*s/OES1LSIT17~T~1\0X2>G)
34v*6VITCV OUTPUT COPUI1M(
318061VE CPOP\171\(4) 1606 EN
12suSUIICI TAPES 3(E15
3300SUITCH IAPE3 L.LL
348*SVaITCH TAPE4 W37?

3586DESTROY 1APE1 INE2 19110
3680SUHlCK FGINITAPES1
378*SUITCN 1APE30 1APE2
3O'eSUIICH 1TER1 19(4
39**XCQ6 1 2
OseM11SS MTAE OUTFIT ,/3SULTS/TIWCO\ITI\c4)

41 SeNISS STORE TAPE 0 t/RSUL1SI13R1O~3hM\<I)QX3
42w*6VITC* OUTPUT CIOPeT\(4)
41806RVE CO0P\ITR1(4) 160d END
4*11 lAP TAPE TAPE)K TAPES
45seSM11C4 1APE4 TERM1
4&o.SVIICSI 11231 TOME

X. 47selVITCH SP(4) 1*9(4

Figure 2. COSMIOS procedure file for the experiment~ run
.5. with three iterations
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* 46SUIICN IAPElf lAPEI
* 49u'SUI1CH lIEN 1APES

51WiSH S SIM OUTP01/1IESULiISTG9\11RU0
52aOS1U11 SUIPUT C Wt \11W0
53S61q91V C9OP\11S'() 1666 END

* S0SUIIU 1APE4 V<(4)
* 0 SS8eSVITC* TAPES 19131

568046SS STORE TAPE2 I MS11lU1C9IT1g ><2><I>
5?8.DE6iSOV TAPES 1916 10116 119160 10E19

59806VUMl VIS 10116
6tSUI1CH 11912 1011
61noIUICH Elf 10160

63u*IIASS 6SOR TAKt9:Sul~htfl%I><(g )(),
6460SS STIRE IAPC Et9L1SKT/16U16N\1 3\((2)(D>
6538e161CN 1*916 T6%111%(4)

67.IWI1cW 16ITR\4) 16 .t

6sa.3617cH TAPES OWN
4980SUIICU 1*9160, [IF

71800ASS STORE 1OPl1uM 1STWflPSl1V%(l~czXSu
72se5611CN 10P119 II
7iueDESTRas lAPEl 1692 lOPEO 10 M 6 T91aOM TAPES
?4s*IF III K6. I 11(0 40 TO L3
?SweSVITCi 1111 1*9(

PoBSSIIIC* OUTPUT CIIV\lTh\(4>
?9s**%ASS STORAE 23SSLS~UF%1~4
S480SUI1CH TAPEITI119
ls*m619E CIIW\IiR%(4) 1666 III
8*6111S1SO 1*9110 169C0

N S3'eSUIICN 91SCR 161EV

SSITCN CNAT 1*930
*4'SXCIR 1 6
17a*NASS SIORE SUIPOUIRESUL1SIICI 2 T\1lV(
89asSUMNC SUIPUI C120PU1i1\()
19a*61VE1 C12OP~IS\0) 1686 END
"neSHIlCt IAPE20 CAAI
g9sSUICM IAPE16 06516
92sK%1IOV TAPES 1011
936SL1 M llift 116

* f 94%*N&S SlORE IA7jpE j PSKS116ER9\lT1P%4)
95*01UITO TAPE? TAPES

Figure 2. COSMOS procedure file for the experiment run
with three Iterations (continued)



97w*LR: lURIdC V62 TAPLI
gl**KSIOW TAPES
118SUICS loll IAP[$

iei..xrCI I I
IO2meDESTROT TAPES
1O3=*SITCN TAPE? V62
10*NfAS9 STORE IAPE7 s/RESULS/TFCS(I<2)(3)
1OsaeSVITCW TAPE? VCSl(1(2)C3)
IO6s*BIVE FCS7(1)<2X3) 1S44 It. END
I O7&eRESTRSYT APEI
1098*60 TO LAS
119a*L4t S0 TO
110OLASS SUIICH VCSI<I><2)(I) lAPE

I11280HASS
11386E1 FF 1ER311TERRSBT3IC UURITAPE5 UDSSTApEI6 61W LEliTAPESOS
lIaVK2:TAPE2 FSSE:F66E20712
I ISSDEFAULT SlaIINALTWES
116.61 CATSCNATRIXN REIGINEIS31112 IVPIUVPNIWUN32 LALLILALLNW1320
11 7sUV37sUVPNNF37LA'ru TERITIERN1144 SM 117121 lAPEl UGAV2
1 IuSET 311u/EXCCUTE
MGM6( XIX 1FC7 XC4k IVER IC78 XC96 1C9S XCIIP XCIZ 16NN XASP IPTICZ

1 2l**XTT
122&*SIJITCH 7APE? FOINT
123sSVhCN TAPE3 TIEN
124moNASS STORE P6111 s/ESULISITINIF16I
125usPESTRIV TAPE? TAPES
126**SU1TCN F66E TAPE?
12?s*lLE NAftEaINPUJ
128a I31W J1ATE87,rTIIDEsI2 SEND
1292SSUIIC1 1(131 TAPES
1340ASP / 10
I3180PASS STORE 7APEAA:/RESULTS/TASAPI
132asSUITCH lAPEl SSFCT
133moDESTROY TAPEIO
1348*SUITCH TAPES TER31
1353.SUITCW TAPE66 lAPKl
13680SUITCH CNAT lAPEIG
IV3SM.XC1 I2
131..WASS lS0E TAPE1ISUITB/TSSSS11
13980DESTROT TAPEI TAPE20
l40s*SU1ICwo lAPElS C11A1
14180SV1TCw lAPElS 036(0
I 420-c1ASS STORE TAPES i IESULTSIIES8Z[RSI I
143uSUITUw TAPES lAPKl
14400COSHSS InCSITg V611ey 0 size oe rG

Figure 2. COSMOS procedure file for the experiment run
with three iterations (continued)
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